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The thermal decomposition, of hydrazine was investigated over a temperature range of 630 to 780° C and a t pressures of a few mm. Hg. The experiments were carried out in a flow system, toluene being used as a carrier gets. This technique makes it possible to discriminate between the heterogeneous decomposition of hydrazine 3NaH4-*N a + 4NH8,
and 2NaH4-> H a+ N a + 2NHa (2) and the homogeneous decomposition to NaH 4->2NHa..
The NHa radicals produced by the latter process were removed, in the presence of excess toluene, by the rapid reaction (4) C6H 6. CHa+ NHa-> C6H6. CHa. + NH8.
Thus the rate of formation of dibenzyl measures the rate of reaction (3). The study of the stoichiometry of the overall process, of the kinetics of various steps and of the effect of packing the reaction vessel led to the conclusion th at (3) is a homogeneous, unimolecular gas reaction, the rate constant being 4x 1012 exp (60,000/i2T). Assuming that the recombination of NHa radicals does not involve any energy of activation, it is found that D(NHa-NHa) = 60 + 3 kcal./mole. This value in conjunction with the relevant thermochemical data leads to the heat of formation of NHa radical as 4J kcal./mole and to D(NHa-H) = 104 + 2 kcal./mole. The latter is good evidence in support of. Gaydon's value of 225 kcal./mole for the heat of dis sociation of Na.
I ntroduction
Very few d ata have been published on the subject of the therm al decomposition of hydrazine. Elgin & Taylor (1929) first observed th e decomposition of this substance in a silica vessel a t 250° C, and they found N 2 and N H 3 to be th e m ain products. From the relative quantities of N 2 and N H 3 they deduced th a t th e overall process is represented by the equation 3N2H 4^N 2 + 4N H 3.
However, they also reported th e form ation of small quantities of H 2 (about 5 %), which indicated th a t the main process, represented by equation (1), was accom panied by a much slower decomposition corresponding to equation (2) 2N2H 4 -> H 2 + N 2 + 2NH3.
Subsequent work carried out in Taylor's laboratory by Askey (1930) confirmed th e overall stoichiometry of equation (1) and revealed th a t th e decomposition of hydrazine in a silica bulb a t 300° C is a heterogeneous process, which takes place on th e walls of the reaction vessel and obeys first-order kinetics. The same worker found also th a t the therm al decomposition of hydrazine on a platinum or tungsten wire (at 200 and 380° C respectively) produced N 2, H 2 and N H 3 according to th e overall equation 2N2H 4 -> H 2 + N 2 + 2NH3.
Gedye & Allibone (1931) used th e therm al decomposition of hydrazine (in a glass vessel a t 400° C) as an analytical m ethod for determ ining the quantities of hydrazine in a gas m ixture. They also adopted th e equation 3N2H 4 = N 2 + 4NH3. F u rth er support for this scheme was provided by Gedye & R ideal (1932) , although in one single experiment, in which th e reaction vessel had been evacuated an d sparked for some tim e w ith a Tesla coil, they observed th a t the decomposition proceeded according to equation (2) .
More recently, in a paper published by Birse & Melville (1940) , d ata are presented which enable one to calculate th e rate constant of th e therm al decomposition of hydrazine in a silica vessel a t 75, 100 and 218° C. From these d ata we estim ate the energy of activation of this process as about l8kcal./m ole.
The present investigation was concerned w ith th e th e rm a l' decomposition of hydrazine in a tem perature range of 620 to 770° C, i.e. much higher th a n those used in the previous studies. The essential new feature of the m ethod chosen in this investigation lies in th e use of toluene as a carrier gas. I f hydrazine decomposes into two N H 2 radicals N 2H 4->2N H 2*,
then, w ith hydrazine alone or in the presence of a neutral carrier gas, the N H 2 radicals could react w ith undecomposed hydrazine yielding, m ost probably, N H 3 and N 2H 3 radicals N H 2. + N 2H 4 -> N H 3 + n 2h 3..
The subsequent behaviour of the N 2H 3 radicals m ay lead to a chain process, and a t any rate the interpretation of th e results obtained under suchfconditions would be complicated and probably ambiguous. In the presence of toluene as a carrier gas, however, it m ight be expected th a t N H 2 radicals would be removed by the following reaction: C6H 6. CH3+ N H a* -» C6H 6. CH2.+ N H 3.
The stable benzyl radicals formed in this reaction would eventually dimerize, as was shown in previous studies (Horrex & Szwarc unpublished; Szwarc 1947 Szwarc , 1948 Szwarc , 1949 ; and the mechanism of the decomposition would thus be greatly simplified (see, for example, Szwarc 1949). This expectation is borne out by the results reported in this paper.
E xperim ental
The experim ental technique was essentially the same as th a t already described by the present w riter in a paper dealing w ith th e therm al decomposition of ethyl benzene (Szwarc 1949) , and accordingly only a brief account of the method need be given here. The apparatus is shown diagrammatically in figure 1. The vapour of anhydrous hydrazine was introduced through a fine capillary K H into a large excess of toluene vapour. The mixture of both compounds, maintained under a pressure of a few mm. Hg was made to flow continuously through a silica tube heated by means of a cylindrical electric furnace. The gases leaving the reaction vessel were lead through a glass tube and glass capillary (both heated by a nichrome winding to about 80° C) into a small trap U cooled by ice. TJhe non-volatile products (e.g. dibenzyl) were deposited in this trap, while the undecomposed toluene and hydrazine passed through it and were condensed in a large trap H cooled to about -80° C by a mixture of acetone and solid C 02.
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The gases produced in th e decomposition (H 2, N 2 and N H 3) were continuously removed by a system of two m ercury diffusion pum ps and P% and pum ped through a tra p E cooled w ith liquid air into a storage vessel 8 . Ammonia was frozen out in th e tra p E , and thus th e am ount of H 2+ N 2 form ed in th e pyrolysis was estim ated by measuring th e pressure a t th e end of th e run.* T hereafter p a rt of the H 2 + N 2 m ixture was adm itted into an analytical device in which th e percentage of H 2 could be estim ated; th e remaining gas being pum ped off. The liquid air surrounding tra p E was removed and replaced by an ice-water bath. The am m onia condensed in E evaporated and th e qu an tity obtained was estim ated b y m easuring th e pressure in a known volume. The gas was shown to consist entirely of am m onia by absorbing it in dilute sulphuric acid.
The tra p H contained all the undecomposed hydrazine, toluene, and small qu an tities of dibenzyl, which passed through tra p TJ. In order to estim ate th e am ount of hydrazine th e contents of th e tra p H were extracted w ith dilute sulphuric acid and th e aqueous layer was analyzed for hydrazine b y titra tio n w ith H I 0 3 in acid solution (Bray & Cuy 1924) . To determ ine th e q u an tity of dibenzyl th e toluene was rem oved by distillation in vacuo a t ice tem perature and th e residue was weighed of this residue was added to th e weight of th e bulk of th e dibenzyl given b y th e increase in the weight of tra p U. The accuracy of this determ ination was abQut 1 to 2 mg. The solid in tra p U was identified as dibenzyl b y its m elting point, th e unpurified m aterial m elting a t about 50° C (m.p. of dibenzyl 51° C).
The material used
A nhydrous hydrazine was prepared from a commercial 60 % solution of hydrazine hydrate according to th e m ethod described by W enner & Beckm an (1932) . Analysis of th e final product showed it to contain 98 to 99 % of anhydrous hydrazine.
Toluene was prepared as in previous studies b y th e repeated pyrolysis of ' sulphur free' toluene a t 810 to 820°C followed b y careful distillation of th e pyrolyzed m aterial. Blank experim ents showed th a t th e therm al decomposition of toluene could be neglected when com pared w ith th e decomposition of hydrazine a t th e tem peratures used in this investigation.
T h e r esul ts a n d t h e ir in t e r pr e t a t io n
The decomposition of hydrazine in these experim ents produced th e following products: H 2, N 2, N H 3 and dibenzyl. In th e experim ents carried o ut a t higher tem peratures the form ation of small quantities of CH4 was also observed. Table 1 illustrates th e results, giving th e percentage of H 2 in th e H 2+ N 2 m ixture, th e m olar ratio of N H 3 to H 2 + N 2, an d th e m olar ratio of dibenzyl to N H 3. The following points should be noted:
1. The form ation of H 2 and N 2 suggests th a t even a t th e high tem peratures used in th e present research there was a considerable am ount of heterogeneous decom position of hydrazine on th e walls of th e reaction vessel. * T he pum ping out of th e tra p H was continued for h alf an hour, after th e flow of toluene an d hydrazine h ad been in terru p ted . The ta p T# was th en closed an d th e pressure o f th e collected gas m easured.
2. I t seems th a t both modes of heterogeneous decomposition mentioned in the introduction participate in the actual process:
SNjH^ -> N j+ 4NHj
(1) and 2N2H 4-> H 2 + N 2H-2NH3.
The occurrence of reaction (2) is shown by the appearance of H 2 amongst the products of decomposition. The fact th a t the am ount of N 2 always exceeded th a t of H 2 is regarded as evidence for the participation of reaction (1). 3. The observed increase in the percentage of H 2 as the tem perature of decom position was increased indicates th a t the reaction (2) has a higher energy of activa tion than reaction (1). This explains why previous investigators, who worked a t much lower tem peratures, observed mainly reaction (1).
4. The m arked increase, w ith increasing tem perature, of the molar fraction of dibenzyl in the decomposition products indicates th a t the process by which it is formed has a high energy of activation. We assume th a t dibenzyl is produced as a result of the following three reactions:
and 2C6H 6. CH2* C6H 6. CH2. CH2. C6H 5.
This assumption is crucial for our further conclusions, and its justification will be fully discussed later. I f we assume th a t the decomposition of hydrazine takes place according to equations (1), (2) and (3), the latter process being followed, in the presence of an The dissociation energy of the N-N bond in hydrazine 271 (4) and (5), we are able to calculate the am ounts of N H 3 produced and of hydrazine decomposed from a knowledge of the quantities of H 2, N 2 and dibenzyl formed in the pyrolysis. In this scheme all the hydrogen is assumed to be produced by reaction (2). The difference between the observed amounts of N 2 and H 2 is taken as a measure of the quantity of N 2 produced by reaction (1). The am ount of dibenzyl formed should be th e same as the quantity of hydrazine decomposed according to reaction (3) and it should be also equal to half the number of moles of N H 3 formed by reaction (4). This method of interpretation is illustrated by calculations from the results of two experiments, one chosen from the lowest and the second from the highest tem perature region. Table 2 contains th e observed quantities of H 2, N2, CH4, dibenzyl and N H 3 and the calculated quantities of N H 3. The agreement between the observed and cal culated quantities of N H 3, given in the last two columns of table 2, provides a strong argument in favour of our assumptions. F u rth er evidence favouring our interpreta tion is provided in tables 3 and 4. The third column of table 3 contains the quantities of hydrazine decomposed calculated by the method explained above. Column 4 of this table gives the quantities of undecomposed hydrazine, recovered from the trap H , and determined by direct titration. The last column contains the quantities of hydrazine introduced (referred to later as Qc) equal to the sum of decomposed and recovered hydrazine. Owing to technical difficulties it was not feasible to esti mate the quantity of hydrazine introduced in each individual run. I t was possible, however, to estimate the total am ount for a set of about 4 to 15 runs by direct weigh ing of the hydrazine reservoir. Table 4 contains data showing the total am ount of hydrazine introduced in each of several sets of runs. These quantities are compared with the 2Q C obtained by summing up the corresponding values from the last column of table 3. The agreement seems to be satisfactory. 
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obs. The appearance of CH4 m erits some further discussion. Previous work, as well as th e blank tests performed during th e present work, proved definitely th a t the observed quantities of CH4 could not be attrib u ted to the therm al decomposition of toluene. I t could be suggested th a t CH4 is produced by the following reactions: N H 2. + C6H 6. CH3 -> C6H 6. N H 2 + CH3.,
CH3. + C6H 6. CH3 -* CH4 + C6H 5. CH2..
To te st this suggestion the toluene, recovered from high tem perature experiments, was extracted first w ith water, in order to remove hydrazine, and then w ith dilute hydrochloric acid. The la tter solution was then diazotized and coupled w ith /$ naphthol in the usual way. The appearance of the red colour indicated the presence of aniline in the original condensate. I t was also shown th a t this colour was not developed if a m ixture of toluene and hydrazine th a t had not previously been pyrolyzed was used. However, judging from th e intensity of the red colour the am ount of aniline present was only about 1/10 of th a t which could be expected on the basis of the qu antity of CH4 produced. Taking the am ount of aniline determined experimentally as a measure of occurrence of reaction (6) the relative probabilities of reactions (4) and (6) were estim ated, from the quantities of dibenzyl and aniline produced, to be a t least 200:1 -C eH 5.C H 2. + N H 3, (4) CflH 5.C H 3 + N H 2< N C6H 6.N H 2 + CH3..
Assuming th a t reactions (4) and (6) have equal steric factors one is able to calculate on the basis of the above relative probabilities the difference in the activation energies E^-E^. The obtained value of about lOkcal./mole is obviously too high for reactions of this type. I t is likely, therefore, th a t these probabilities are deter mined by steric factors and not by the differences in the activation energy of the two processes.
T h e k inetics of the decom position of hyd r azin e I t was stated by Askey (1930) , th a t the heterogeneous decomposition of hydrazine obeys first-order kinetics and we assume th a t this is true also in our experiments. Furtherm ore, we consider th a t the rate of formation of dibenzyl, in the presence of a large excess of toluene, is governed by the rate of the reaction N 2H 4->2NH2*,
which is also, assumed to be a first-order process. The successful interpretation of the experim ental d ata on the basis of these assum ptions will be considered as evidence for their validity. Using this kinetic scheme we are able to calculate th e composite rate constant of th e overall decomposition, j f i L t o t a l , an d th e rate constant of the hydrazine decom position proceeding according to equation (3), denoted by -Kn,h4> using th e following formulae: Table 5 shows the values of i f total calculated in this way, th e 'fraction of homogeneous decomposition ' an d jfifNaH4 for experim ents carried o ut a t tem pera tures near 1008° K . The last column of this table contains the values of JTN H4 re-calculated for an arbitrarily chosen tem perature of 1008° K . This re-calculation involved a short extrapolation which was carried o ut on th e basis of 60 kcal./mole as an activation energy for the process of form ation of dibenzyl; a value obtained by plotting logi£NgH4 against 1/ T (see table 6 an d figure 2). The following con clusions m ay be draw n from table 5:
1. Although the partial pressure of hydrazine varied from 0-05 to 0*78 mm. Hg, the pressure of toluene varied from 5 up to 16 mm. Hg, an d th e tim e of contact varied from 0*26 up to 1*1 sec., there does n o t appear to be an y tren d in th e values of K toi&1. These results justify our assum ption concerning the first-order kinetics of the overall process.
2. The packing of th e reaction vessel (see runs 60 to 66), which increased th e surface about 2 | times, caused a roughly proportional increase in i£total. The average A total for tw enty-three experim ents carried out in th e unpacked reaction vessel is 2*1 sec.-1; while the average for seven experim ents in th e packed reaction vessel is 5*1 sec.-1. This is a direct proof th a t processes (1) and (2) are indeed hetero geneous.
3. The values for -^n,h4 re-calculated for 1008° K are even more reproducible th an Kt otal* They do n o t show any tren d either w ith th e change of partial pressure of hydrazine (varied by a factor of 18), or w ith th e change in tim e of contact. This justifies our second assum ption, nam ely th e first-order kinetics of th e process of form ation of dibenzyl. There is a slight increase in -Kn,h4 w ith th e increase in toluene pressure (compare runs 53 an d 52 w ith 48 an d 46), b u t these variations are n o t of sufficient m agnitude to be considered im portant.
4. The packing of th e reaction vessel seems to be w ithout any influence on th e -^n2h4-This observation strongly suggests th a t th e rate determ ining process in th e form ation of dibenzyl is a homogeneous gas reaction. I t is interesting to note th a t th e random variations in X total are m uch greater th a n th e variations in H4* This seems to be an indirect indication of th e heterogeneous n atu re of processes (1) and (2) and of the homogeneous n atu re of reaction (3). H aving presented evidence in support of our assum ptions concerning the kinetics of th e reaction, we can now discuss th e problem of activation energy. Table 6 contains th e values of l£total, 'fraction of [homogeneous decom position' and jfiTN H4 for four tem perature regions from 900 to 1050° K . There is a small increase in X total, b u t a very m arked increase in th e 'fraction of homogeneous decom position' and in # n8h4* The last column of table 6 contains th e values of activation energy corre sponding to -Kn8h4 calculated on th e assum ption th a t th e frequency factor is 5 x 1012sec.-1. This particular value of th e frequency factor was chosen in con sideration of th e results obtained in a previous investigation (Szwarc 1949) . The plot of log Z NtH4 against 1 / Ti s given in figure 2. The best straig h t to an activation energy of 60 ± 3 kcal./mole and a frequency factor of 4 x 1012sec.-1.
The agreement between th e experimental frequency factor obtained from figure 2 and th a t which is expected for a unimolecular process on theoretical grounds (1012 to 1013 sec.-1) confirms th a t jSlNjH4 represents th e rate constant of the homo geneous, unimolecular gas reaction. 
D iscussion
I t is now desirable to sum up and review critically the evidence which leads us to the final conclusion th a t -Kn,h4 represents the rate constant of the homogeneous, unimolecular reaction N 2H 4-*2N H 2..
The agreement between the observed and calculated quantities of N H 3 (table 2) , and between the observed and calculated quantities of hydrazine introduced (table 4) provides an adequate justification for our method of computation. The latter leads to the conclusion th a t 1 mole of dibenzyl and 2 moles of N H 3 are formed as a result of the decomposition of 1 mole of hydrazine. There are three possible schemes which might account for this stoichiometry:
A. The scheme suggested previously consisting of a sequence of reactions (3), (4) and (5).
B. The scheme based on a reaction C6H 5. CH3 + N H 2. N H 2 -* C6H 6. CH2. + N H 3 + n h 2..
C. The scheme based on a reaction
The scheme C can be rejected, since the term olecular process is extrem ely im probable and it would require an increase of J5TNjH4 proportional to th e square of the toluene pressure, in contradiction to our observations (see table 5 ). The scheme B requires a proportionality between K N aH 4 an d th e pressure reveal a slight increase of iTNjH4 w ith increase of the toluene pressure, b u t this is smaller th an would be required by th e scheme B. The m ain opposition to this scheme is provided by the experim entally observed frequency factor and activation energy To account for the observed values it would be necessary to assume th e radius of th e activated complex to be a t least 700A (taking th e steric factor as 1). Our present knowledge indicates th a t th e steric factors for these types of reactions are m uch less th an unity (e.g. Glasstone, Laidler & Eyring 1941) , which would require an even greater radius for th e activated complex. Thus we conclude th a t th e scheme A, i.e. is the only one which accounts for th e observed stoichiom etry. K inetically th e process was found to be a homogeneous, first-order gas reaction, w ith a frequency fafctor of th e m agnitude required for a unimolecular decomposition. These character istics m ust be those of reaction {3), since reaction (4) should be fast (by analogy w ith similar processes), and th e kinetics of reaction (5) are irrelevant for these con siderations.
I t could be argued th a t the experim ental activation energy is th e sum of th e activation energies involved in reactions (3) and (4). This could be tru e only if a very small proportion of th e N H 2 radicals react according to equation (4) whereas m ost of them are destroyed by a wall reaction or by recom bination either w ith themselves or w ith benzyl radicals. To investigate the last possibility, toluene, recovered from an experim ent in which p artial pressure of hydrazine was k ep t very high (0*8 mm. of Hg) and the decomposition was about 85 % , was extracted w ith w ater to remove undecomposed hydrazine and was then shaken w ith w ater-acetone solution of sodium nitro-prusside (Rimmini te st for prim ary aliphatic amines). The te st gave a positive result* (red-violet coloration), and a rough colorimetric estim ate determ ined th e q u an tity of benzylamine as 5 to 10 mole per cent of th e available N H 2 radicals. The same te st repeated w ith toluene recovered from an experim ent in which th e partial pressure of hydrazine was 0*5 mm. of H g gave only 2 to 5 mole per cent of benzylamine. I t is concluded, therefore, th a t th e recom bination of N H 2 and benzyl radicals in these experim ents is only a minor reaction which can be safely neglected.
The. m utual recom bination of N H 2 radicals and their decomposition were studied b y investigating th e pyrolysis of benzylamine reported in th e following papet. I t was found th a t in the presence of toluene there is no m utual recom bination of N H 2 radicals, and th a t their decomposition is only a m inor side reaction. Thus the final conclusion is reached: th a t under the conditions of th e experiments reaction (4) is the only reaction consuming N H 2 radicals which needs to be taken into account for the kinetic calculations.
The dissociation energies of the N-N bond in hydrazine and of the first N-H bond in ammonia H aving obtained the activation energy of reaction N 2H 4-+2N H 2., (3) one should be able to calculate the dissociation energy of the N-N bond in hydrazine knowing the activation energy of the reverse process, i.e. the recombination of N H 2 radicals. I t is assumed generally th a t the recombination of radicals or atoms does n ot involve any activation energy. The case of N H 2 radicals, however, m ay be an exception. H eitler & Rum er (1931) concluded on the grounds of a theoretical com putation th a t the interaction between two N H 2 radicals leads to a repulsion for large N-N separation. Such a repulsion results in the appearance of a hump in the potential energy curve, corresponding to an activation energy in the process of recombination. However, in the same paper these authors explicitly stated their doubts regarding the, physical reality of this hump. They pointed out th a t their treatm ent neglected the dipole-dipole attraction, which could well overcome the repulsion effect calculated. I t seems, therefore, th a t it is justifiable to neglect the activation energy of N H 2 recombination, and thus the dissociation energy of the N-N bond in hydrazine can be evaluated as 60 ± 3kcal./mole. This appears to be a high value, particularly if we recall the 20kcal./mole advocated by Pauling (1945) as the average bond energy of the N-N bond. I t should be noted, however, th a t Pauling's system of bond energies was formulated on the basis of 170kcal./mole for the heat of dissociation of N2, while the choice of 225 kcal./mole for this heat of dissociation leads to a value of about 43 kcal./mole for the average N-N bond energy (Skinner 1945) .
F urther support for our value of the N-N dissociation energy in hydrazine can be adduced by considering the dissociation energy of the first N-H bond in ammonia, which can be calculated as follows. The heat of formation of gaseous, anhydrous hydrazine was estimated by Hughes, Corruccini & Gilbert (1939) a t + 22 kcal./mole, and the heat of formation of N H 3 has been reported as -11 kcal./mole (Bichowsky & Rossini 1936) . Using these values, together w ith D(NH2-NH2) = 60 kcal./mole, a value of + 41 kcal./mole was obtained for the heat of formation of the N H 2 radical, from which the dissociation energy of the first N-H bond in ammonia was estimated a t 104 + 2 kcal./mole. This value seems to be reasonable, as it would be expected to lie between the dissociation energies of the first O-H bond in H 20 and the first C-H bond in CH4. Dwyer & Oldenberg (1944) (Skinner 1945) , which is similar to th a t deduced above. On th e other hand, th e calculation based on H erzberg's value of th e h eat of dissociation of N 2 (170 kcal./mole) leads to th e average N -H bond energy of am m onia of 84 kcal./mole only. I t is concluded, therefore, th a t th e value of D (N H 2-H), as obtained in this investigation, is in harm ony w ith G aydon's estim ate of th e h eat of dissociation of N 2. Very similar argum ents, applied by Glockler (1948) , also favoured G aydon's value of th e heat of dissociation of N 2. 
I t seems th a t these reactions occur b y th e direct decomposition of activated com plexes A and B formed on th e quartz surface of th e reaction vessel. Evidence has been presented in this paper which shows th a t participation of atom s or radicals in these processes is very unlikely. The form ation of radicals or atom s would be expected to produce dibenzyl b y a secondary reaction w ith toluene:
R-+ C6H 8. CH3 -* + C6H 5. CH2., 2C6H 5. CH2* -* dibenzyl.
I f this were th e case th e q u an tity of dibenzyl produced should be increased by packing th e reaction vessel, which is contrary to our observations. Birse & Melville (1940) investigated th e heterogeneous decomposition o f hydrazine on the walls of the reaction vessel in th e presence of p ara hydrogen. T hey found th a t th e decomposition did n o t cause an y para-ortho hydrogen conversion. As th e con version is extremely sensitive to the presence of radicals, these results, in agreement w ith our observations, point also to the absence of radicals or atoms in the hetero geneous decomposition of hydrazine.* The form ation of the proposed activated complexes, particularly of type A , m ust correspond to a very low probability factor and, therefore, the decompositions via such transition states would only be observed if their activation energies were very small. There was described earlier in this paper the calculation of the activation energy of the overall process a t 8kcal./mole, using th e d ata provided by Birse & Melville. The data presented here have made it possible to estim ate the rate con stants of the individual reactions (1) and (2). In order to do this one calculates the quantities of N 2H 4 decomposed in each experiment according to equations (1) and (2). The former is given by 3(J/NjMna)and th e latte and J fHj denote the num ber of millimoles of nitrogen and hydrogen collected in each case. The m ethod of calculation is illustrated by means of the examples given on p. 272. The rate constants of the reactions (1) and (2) are given:
The dissociation energy of the N-N bond in hydrazinê _ t quantity of N 2H 4 decomposed according to (1) 1 total to tal quantity of N 2H 4 decomposed , quantity of N 2H 4 decomposed according to (2) total to tal q uantity of N 2H 4 decomposed Table 8 shows the values of kx and ks calculated in this way for various tem peratures. The last column of this table contains the ratio kxjk2. The reproducibility of the results is not very satisfactory b u t this is not surprising since the walls of the reaction vessel could be expected to change their to tal activities, and still more their relative activities towards the competing reactions, w ith tim e and use. We may recall in this connexion the observations of Gedye & Rideal who found a change in the character of the decomposition of hydrazine on a glass surface which had been sparked pre viously w ith a Tesla coil. The lack of reproducibility makes th e estim ates of th e various activation energies ^ery crude. However, th e inspection of table 8 shows quite clearly th a t reaction (1) corresponds to an activation energy smaller th a n th a t of reaction (2), and from th e change of th e ratio kxfkt with tem perature a rough estim ate gives E 2 -The change of kx and k2 w ith tem perature indicates activation energies of th e order of ~ 10 and ~ 20 kcal. respectively for processes (1) and (2).
